To establish a method for identifying Porphyra species, polyacrylamide gel electrophoresis was used to examine the presence of isozymes at the growing stage from conchocelis (2n) to leafy thalli (n). The five Porphyra species used in this experiment were P. tenera (Minomi), P. tenera (Matsukawa), P. yezoensis f. narawaensis, P. yezoensis (SagalO), and P. yezoensis (Green). The six enzymes for examin ing isozymes were CAT, POD, GOT, GDH, ADH, and AK. In conchocelis, the six enzymes differed with the five species. Particularly, POD and GOT were effective for separating P. tenera and P. yezoen sis, and CAT and AK for identifying the tested species. POD and GOT showed the same isozyme profiles in leafy thalli and conchocelis. Other enzymes had fewer isozymes in leafy thalli than conchoce lis. CAT showed no significant difference among the species, and AK was effective only for separating P. tenera and P. yezoensis.
The cultivation of Porphyra is influenced by various fac tors of atmospheric phenomena and sea conditions, such as tidal currents, waves, amount of solar radiation, amount of rainfall, atmospheric and water temperature, specific gravity, and nutritive salts. These factors differ among cultivating grounds and change during the same cul tivation period. It is essential for improving the quality and productive capacity to fully understand the environ mental characteristics of the cultivation grounds and to cul tivate the right species for the changing environment in a timely fashion.
Twenty to thirty Porphyra species are thought to be un der cultivation. They comprise P. tenera, P. yezoensis and P. yezoensis f. narawaensis, which in turn are divided into many local selected species.') Although these can be distin guished by the morphological characteristics of the thal lus, the division is not clear.
Isozyme analysis by electrophoresis has often been used to biochemically classify and identify species. For in stance, in higher plants such as maize and wheat, isozymes of esterase, catalase, peroxidase, and amylase, have been used for studying the origin of the species, the system fea tures, the degree of system fixture, etc.2-6) Furthermore, iso zymes are extensively studied in regard to their appearance and disappearance at the growing stage of the plants. [7] [8] [9] They are also studied in relation to the different heter oploid and various organs.10-13) However, only a few reports have been published about Porphyra isozymes.14-15) These works examined the isozyme loci of Porphyra yezoensis, and estimated the degree of genetic differentia tion and the amount of genetic variability in these popula tions.
Previously,16) conchocelis (2n) was used as samples for six typical species of Porphyra, and isozymes of fifteen en zymes were examined by polyacrylamide gel electrophore sis. Several isozyme profiles were obtained, and we distin- band was detected in P. yezoensis f. narawaensis, P. yezoensis (Saga10), and P. yezoensis (Green), and not de tected in P. tenera. The D band was unique to P. yezoensis (Green). Both small and large leafy thalli showed the sin gle B band with an Rf value slightly different from that of each band in conchocelis. Figure 2 shows the profiles of the POD isozymes. In con chocelis, two isozymes were recognized. The A band was detected in all species, but the B band was detected in P. yezoensis f. narawaensis, P. yezoensis (SagalO), and P. yezoensis (Green). Both small and large leafy thalli showed almost the same profiles as in conchocelis, although the Rf values were slightly different. Figure 3 shows the profiles of GOT isozymes. In con chocelis, three isozymes were recognized. The A band was detected in all species, but the B band was detected in P. tenera (Minomi) and P. tenera (Matsukawa), and the C band was detected in P. yezoensis f. narawaensis, P. yezoensis (SagalO), and P. yezoensis (Green). Both small and large leafy thalli, although including extremely weak bands, showed almost the same profiles as in conchocelis. Figure 4 shows the profiles of GDH isozymes. Eight iso zymes were detected: six isozymes in conchocelis, five in Fig. 1 . Disc electrophoretic profiles of catalase from Porphyra.
1, Porphyra tenera (Minomi); 2, Porphyra tenera (Matsukawa); 3, Porphyra yezoensis f. narawaensis; 4, Porphyra yezoensis (Sagal0); 5 Porphyra yezoensis (Green). small leafy thalli , and four in large leafy thalli. The leafy thalli showed greatly different profiles from those in con chocelis . The A, E, and H bands remained in both small and large leafy thalli , but the B, C, and D bands disappeared, and the F band newly appeared.
The G band was detected only in small leafy thalli. All the bands except for the A band were extremely weak in leafy thalli. Figure 5 shows the profiles of ADH isozymes. Six iso- zymes were detected: five isozymes in conchocelis, four in small leafy thalli, and three in large leafy thalli. The leafy thalli showed markedly different profiles from those in con chocelis. The C and F bands remained in both small and large leafy thalli, but the A and B bands disappeared, and the D band newly appeared. The E band was detected in small leafy thalli. All the bands of leafy thalli were ex tremely weak, and only P. yezoensis (Green) showed a unique profile. Figure 6 shows the profiles of AK isozymes. Seven iso zymes were detected: seven isozymes in conchocelis, and three in both small and large leafy thalli. The leafy thalli showed markedly different profiles from those in conchoce lis. The C, D, and E bands remained in both small and large leafy thalli, but the A, B, F, and G bands disap peared.
Discussion
In the previous study") using conchocelis, GOT iso zymes had different electrophoretic profiles between P. tenera and P. yezoensis groups, and AK isozymes differed in all the tested species. GDH and ADH isozymes had par tially unique profiles. Therefore, the electrophoretic profiles of isozymes in conchocelis enzymes were consi dered useful for biochemical identification of Porphyra species. Using these techniques, CAT and POD were also examined in this study to find more effective enzymes, be cause these enzymes are widely used for biochemical iden tification of land plant species.
As is shown in Fig. 1 , CAT had three isozymes in con chocelis. The A band was unique to the P. tenera group, the C band to the P. yezoensis group, and the D band to P. yezoensis (Green). P. yezoensis f. narawaensis had both A and C bands. CAT is thus effective for identifying species, because the tested species showed satisfactorily different profiles.
As is shown in Fig. 2 , POD had two isozymes in con chocelis. The extremely weak B band was unique to the P. yezoensis group, and therefore POD is also effective for identifying the group of species.
These findings and the previous study show that the some of the bands disappeared.12) In the esterase isozymes of wheat, the profile is similar to the combined zymogram of the parent species.131 In general, land plants have more isozymes in higher level heteroploids. However, esterase isozymes of diploid and tetraploid Japanese radish had identical profiles.3) Porphyra changes from diploid to haploid at the growing stage from conchocelis to leafy thalli. In the same way in land plants, some of the iso zymes of CAT, GDH, ADH, and AK appeared or disap peared at the growing stage as well as in different heter oploids. POD and GOT in leafy thalli had different iso zyme profiles between P. tenera and P. yezoensis groups as in the case with conchocelis. However, isozymes of other enzymes were fewer in leafy thalli than in conchocelis. CAT showed no significant difference among the species. Although AK in conchocelis differed among the species, AK in leafy thalli could not be used to divide the species into three groups. Therefore, Porphyra species will be identified more effec tively using conchocelis than leafy thalli, in the latter of which the electrophoretic profiles of the isozymes can bare ly distinguish P. tenera and P. yezoensis.
